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Foreword

In recent years, a number of weather-related accidents, along with the introduction of new types of anti-icing fluids and
apparent uncertainties in certification and operation- procedures, have stimulated renewed research activities. Aircraft
operators, the aircraft industry, as well as research institutes and certification authorities, are participating in such activities.

This situation has led the Fluid Dynamics Panel to organize a specialists’ meeting on the “Effects of Adverse Weather on
Aerodynamics”.

Since the effects of adverse weather on aerodynamics involve a broad range of weather-related phenomena and devices —
different forms of precipitation, wind shear, anti-icing fluids and devices, etc. - an in-depth coverage of these effects within the
confines of a meeting required some focussing. To this end, the scope of this FDP Specialists’ Meeting focussed on the
degradation of aerodynamics performance due to different forms of precipitation, such as ice accretion, and due to anti-icing
fluids ar.d devices. This degradation of performance continues to be a concern in aircraft operations and is also a significant
factor in aircraft design.

A complementary coverage of weather-related effects — wind shear, fog, etc. — on aircraft performance is provided in AGARD
CP-470, “Flight in Adverse Environmental Conditions” (AGARD FMP Symposium held in Norway in May.1989).

The purpose of the present specialists’ meeting was, in particular:

1. To provide an update of the state-of-the-art with respect to the prediction, simulation, and measurement of the effects of
icing, anti-icing fluids, and various forms of precipitation on the aerodynamic characteristics of flight vehicles;
2. To communicate research results obtained in recent years on the following topics:

— theoretical and empirical modelling of ice accretion on airfoils, wings, control surfaces, propellers, rotors, air intakes,
ete.;

—~ experimental and computational simulation, and flight test verification of the effects of icing on aerodynamic
characteristics;

—~ experimental and computational simulations of the effects of de-icing and anti-icing fluids, and devices on
aerodynamics;

— effects of (heavy) rain and other forms of precipitation on aerodynamic characteristics;
— effects of the type of ice (rime, glaze) on aerodynamic characteristics;

— facilities and experimental techniques (including flight tests) for simulating and measuring the effects of icing, anti-
icing fluids, and heavy rain on the aerodynamics of flight vehicles and their components;

— certification and operation procedures and regulations.

For the sake of statistics it is mentioned that of the 24 papers offered to the Programme Committee, 19 (including invited
papers) could be accommodated within the time frame available.
These 19 papers were ordered into 3 sessions:

— Icing 1 Introduction and survey papers, certification issues.
— Icing 2 Prediction and simulation of ice contamination and its effect on aecrodynamics.
—  Effects of heavy rain and de/anti-icing fluids.

In alphabetical order of country of origin there was/were

2 papers from Belgium 1 paper from the Netherlands

3 papers from Canada 1 paper from Spain

3 papers from France 1 paper from the United Kingdom
1 paper from Germany 7 papers from the United States.

Two papers could not be presented because of sudden travel restrictions.

The Programme Committee gratefully acknowledges that 2 of the 4 invited papers were provided by the Flight Mechanics Panel
(FMP) and the Propulsion and Energetics Panel (PEP) of AGARD,

Itis finally mentioned that the Technical Evaluation Report, written by Mr J. Reinmann of NASA Lewis is available as AGARD
Advisory Report No.306.

Professor Ir J.W.Slooff
Chairman, Programme Committee
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Avant-Propos

Les travaux de recherche dans ce domaine ont repris ces derniéres années a la suite d’un certain nombre d’accidents liés aux
conditions météorologiques qui se sont produits, ainsi que de Papparition de nouveaux types de liquides antigivrage et de
supposées incertitudes dans les procédures d’homologation et de vol. Participent & ces activités des utilisateurs d’avions et
Pindustrie aéronautique en général, ainsi que des instituts de recherche et les services d’homologation.

Eu égard 2 cette situation, le Panel AGARD de la Dynamique des Fluides a décidé d'organiser une réunion de spécialistes sur
“Les effets du mauvais temps sur I'aérodynamique”.

Etant donné que les effets du mauvais temps sur Paérodynamique couvrent un large éventail de phénoménes et de dispositifs
ayant un lien avec le temps... les différentes formes de précipitation, le cisaillement du vent; les liquides et les dispositifs
antigivrage etc... une mise au point s'imposait afin de permettre un examen approfondi ce des effets dans le cadre d’'une réunion.
A cette fin, le programme de cette réunion de spécialistes FDP a mis I'accent sur la dégradation des performances
aérodynamiques due aux différentes formes de précipitation, telles que 'accumulation de glace, et aux et dispositifs antigivrage.
Cette dégradation des performances continue a poser des problémes pour I'exploitation et doit toujours étre prise en compte
lors de I'étude de I'avion.

Une étude complémentaire des effets du mauvais temps... cisaillement du vent, brouillard etc... est fournie par la publication
AGARD CP-470 “Le vol dans les mauvaises conditions ambiantes” Symposium AGARD FMP, Norvege, mai 1989.

L'objet de la réunion FDP était:

1. De présenter une revue de I'état de art en ce qui concerne la prévision, la simulation, et le contrdle des effets du givrage,

des liquides antigivrage, et des differentes formes de précipitation sur les caractéristiques aérodynamiques des véhicules
aériens.

[

De communiquer les résultats des travaux de recherche effectués sur les questions suivantes:

—  la modélisation théorique et empirique de I'accumulation de glace sur les profils, les voilures, les gouvernes, les
hélices, les rotors, les prises d'air etc...

— lasimulation expérimentale et par ordinateur, et la vérification en vol des effets du givrage sur les caractéristiques
aérodynamiques des véhicules aériens.

— la simulation expérimentale et par ordinateur des effets du dégivrage et des liquides et dispositifs antigivrage sur
'aérodynamique.

— les effets des pluies (fortes) et d'autres formes de précipitation sur les caractéristiques aérodynamiques des véhicules
aériens.
— les effets des différents types de glace (givre, verglas) sur les caractéristiques aérodynamiques des véhicules aériens.

~ les installations et les techniques expérimentales (y compris les essais en vol) pour la simulation et le contréle des

effets du givrage, des liquides antigivrage et des pluies fortes sur I'aérodynamique des véhicules aériens et leurs
composants.

— les procédures et les réglements d’homologation.

Par égard pour la statistique il est a noter que le comité organisateur a pu inclure au programme 19 communications sur les 24
reques (dont certaines présentées sur invitation) étant donné les contraintes de temps imposées.

Les 19 communications ont ét¢ programmées en trois séances:

~ givrage | Communications d’introduction et vue d’ensemble, questions d’homologation.
— givrage 2 Prévision et simulation de la contamination par la glace et les effets sur Paérodynamique.
— leseffets des pluies fortes et des-liquides de dégivrage/antigivrage.

Les communications présentées, par ordre alphabétique du pays d'origine, s’établissent comme suit:

2 communications de la Belgique I communication de Pays-Bas

3 communications du Canada 1 commynication de I'Espagne

3 communications de la France 1 communication du Royaume-Uni
1 communication de I'Allemagne 7 communications des Etats-Unis

Deux communications n‘ont pas pu &tre présentées a cause de restrictions de déplacement de derniére minute.

Le comité organisateur tient a remercier le Panel AGARD de la mécanique du vol (FMP) et le Panel de propulsion et
d'énergétique (PEP) pour avoir bien voulu fournir 2 des 4 communications présentées sur invitation.

Enfin, il est signalé que le rapport d'évaluation technique, rédigé par M.J. Reinmann de NASA Lewis est publié sous la forme de
AGARD Advisory Report No.306.

Professeur Ir J.W.Slooff
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FLIGHT IN ADVERSE ENVIRONMENTAL CONDITIONS

ey A

by 3 ' '
J.F.Renaudie ‘
1 rue Richard Mique

78900 Versailles
France
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) ' SUMMARY : The first Session of the FMP Symposium
5 i in G61 was devoted to the various techniques of
H measurements of wind velocity vector in severe 4
{ turbulences or windshear events,both from f£light 3
t ¢ test aircraft and from airline operations. Very i
{ good results are now provided, but with sophisti- :
t cated means.The second Session was centered on crew :
warning ,crew reactions and procedures in windshears .
and severe disturbances, also on novel devices f.o
K improve aircraft behaviour ,and as a consequence,
safety.A few papers adressed visibility in session
3, while Session 4 adressed very completely icing
accretion and protection.The last Session addressed
the electromagnetic interferences and lightning
strikes which may effect the new electric flight
control systems.
by
]
INTRODUCTION 1
}
Background :
Adverse environmental conditions have four vision aids such as light intensification ;
manifestations of primary interest to the and infrared devices.These developments i
Flight Mechanics Specialists : atmospheric have been applied to fixed-wing aircraft and
disturbances,visibility,icing, and electro- helicopters and now allow operations close
magnetic disturbances.All four manifestations to the ground in poor visibility and more
can seriously influence flight safety,comfort adverse weather conditions.The problem has ¢
and operational capabilities. therefore expanded and there is increased ;
' need not only to make the aircraft resis- 1]
The Flight Mechanics Panel ( FMP ; has an tant to the adverse conditions but also ;
ongoing subgroup_ on the topic of windshear. improve the ability to model and predict A
In addition,the Panel has sponsored two these adverse conditions so that the built- ¢
. Working Groups on the topic of Rotorcraft in capabilities are not exceeded. 4
. icing .A Symposium of the FMP on "Fiight
in Turbulence" was held in BEDFORD , UK, Therefore the PMP decided to hold a Sympo- 4
: in 1982. Since that time there have been many sium on this subject in G851, NORWAY,8-11 May
Y activities relative to fixed-wing aircraft 1989.
M concerns, e.g. JAWS,Low CAT,Wake Vortex Mea-
? surement, windshear Measurement and investi- The Symposium ( Fig 1)
7 gation, flow field and turbulence Measurements 1
% around geographic obstacles ,which have pro- It was structured around five Sessions: ?
B ' duced important results : . : i .
3 . p Additional advances hava been made in design Mode11§:SSl°n 1:Atmospheric Measurements and 1: .
33 of active control systems which can provide g 2
{7 significant alleviation of gust loads and Session 2: Effect of Disturbances on
2 turbulence response : the immense growth of Design and Operations :
' electronic devices in the aircraft will im- . : T, i
1 ¢ prove handling gualities and flight safety, Session 3: Visibility
e.g. fly by wire, CCV.These electrically Session 4: Icing
' signalled control systems and installed equi- . . . .
| pment can be significantly effected by elgc— Session 5: Electromagnetic Disturbances
. ;igggzget;: gtggzg:agiizéugzgec1ally in It is a challenge to summarize these 26 excel-
: lent papers,therefore ,to give the spirit of
: . sqs this Symposium instead of a detailed review
The increased emphasis by the military on : 4
- beeing sble to operate in poor vesther and at . Ma'S,SE1ECEed those Papers presenting the
- . 8 \ ,
“:f night has resulted in the development of them what I believe as essential.
;‘ ~';",‘ )
L5 '
+, "‘."0.‘) ~r
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SESSION 1:ATMOSPHERIC MEASUREMENTS AND positioning (ATC radars) :this is speci-

MODELLING fically mentioned when the purpose is to
investigate wether the origin of an airline
Fig 2 incident/accident is an atmospheric inci-

dent or not
1l.1.Paper (6) from TOMKINS (USA) was the only

one to give a broad picture of all atmospheric

measurements and experiments including ground

facilities,in relation with adverse atmosphe-

ric events,such as extremes of temperatures,

storm, icing, lightning,electromagnetic in-

terferences, clouds, visibility and air pollu- Fig 10

tion.

All other Papers adressed the measurement Six of the papers presented adress the

of wind velocity vector (with components along major subject of windshear effects on

all three Earth axis, including speed vector aircraft, while paper (12) from McPHERSON

rotations ). and ISAAC,CANADA, gives a picture of a num-

ber of atmospheric events encountered during

the Canadian Atlantic Storm Programme (CASP),

such as icing,snow encounter with poor visi-

Special mention must be made of Paper (3) bility,high windshears and crosswinds.

from WINGROVE BACH and SCHULTZ of NASA because

it adressed the analysis of severe atmospheric The items highlighted by the authors of this

disturbances ,from airline flight records. seSsion may be classified along the following
headings:

SESSION 2:EFFECTS OF DISTURBANCES ON
DESIGN AND OPERATIONS

2.0.0verview of the session:

Fig 3

by AN = e

-~ Sameerg

Fig 4

This figure presents two types of severe
atmospheric disturbances

-picture of atmospheric events
-operations in adverse weather
-design of aircraft for bad weather
-experimental programmes and studies
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Fig 5 2.1.Picture of some atmospheric events
Again two cases of severe turbulence encounter Pig 11
at cruise altitudes,due either to a thunder-

storm front or to the wind over a mountain The Canadian Atlantic Storm Programme (CASP)

range. describes the penetration of storm with a
specifically equipped aircraft,a Twin Otter
FPig 6 carrying a specific instrumentation system.

The equipment needed to complete such a
This figure presents the temperature inversion flight test campaign is the following:
at the tropopause associated with the severe

turbulences described in the previous figure. -the test aircraft itself,Twin Otter

specially modified to survive a penetration
into severe 1icing environment for a long time,
and equipped with instrumentation needed

This figure ,extracted from Paper (4) from for water droplet size measurements,cloud
VORSMAN , Germany,illustrates the challenge of water concentration,in addition to the usual
this kind of measurement of very small wind flight parameters.

vectors figures ,as differénces between the

airspeed and ground speed vectors of the air- -a second aircraft (DC3) able to divert
craft.This is obviously the origin of all pro- at greater distances than the Twin Otter and
blems found ,inthe technique of atmospheric also equipped adequately.

measurements.

Fig 7

-3 seather Radars, meteorological
Nevertheless the need of test aircraft with towers, buoys,ships.
specific flight test instal‘'ation,at least

to provide a method for deriving the atmos-
pheric wind measurements from airline recor-
ding, is pointed out by 3  papers, (1),(2)
{4),and examples chosen are modified trans-
port aircraft (Nord 262,Dornier 128 and 228)

-~-satellite navigation.
Fig 12

This slide shows the CASP operational area.
Fig 8

2.2.0perations in adverse weather
This figure ,extracted from the Paper from
VORSMAN, Germany,shows the cross section of
the"meteopod" system used by the Alfred

Wegener Institute on Airplanes or Helicopters, Four main concerns are adressed:
to measure the wind velocities

Pig 13

(a)- in flight detection of events

A variety of means are used to provide (b)- aircraft trajectory
accurate derivation of wind vector; neverthe- (c)- crew reactions and correct crew
less none of the papers mention the laser procedure

flow measurements which are sometime used by

(d)- specific case of short/vertical
research establishments.

take off aircraft and helicopters.

PIg 9

(a)- in flight detection of events:
All papers insist on the need of good aircraft
position recording by on board means (inertial Papers adress'mainly windshear detection.
reference system, or satellite positioning All authors of papers (7),(8),(9) agree on
system) and check of position by ground radar the finding that the best parameter for
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detection is based on energy height (which
expresses the sum of potential and kinetic
energy of the vehicle ).Difference between,
energy height,actual and expected,and their
rate of variation, gives a way to introdu-
Ce some phase advance,needed for proper
crew reaction ,and provide the input of
warning displays.

Nevertheless the usefullness of "point
iource sensors" is found very limited by
A.E.WOODFIELD from United Kingdom in
Paper (8) who concludes his written paper
saying:

"Point source sensors cannot produce info-
rmation on the total size of a windshear
until after it has occurred.This is too
late to help a pilot."

Nevertheless this judgement is not shared
by all authors as shown in the following
figures:

Fig 14

This slide shows a flight simulator appro=
ach in windshear condition,with an experi-
enced pilot,with and without a windshear
warning display.It is extracted from Paper
(7) from SHAENZER ,Germany.It shows that
the warning display help the pilot to
avoid the accident, inevitable without it.

Pig 15

In the same windshear condition the less
experienced pilot achieve a trajectory
similar to the trajectory flown by the
experienced pilot provided that the wind-
shear warning be availablie.

Fig 16

Cathode tube flight instruments are pro-
bably those which provide the best flexi-
bility to introduce such warnings,using
pointers giving the energy height and its
rate of change.This is extracted from the
paper from BONAFE, France.

(b)- Aircraft trajectory:
Fig 17

This figure gives an example of possible
trajectories during windshear conditions
experienced in Dallas Aug.l1985 which ead
to the accident of Flight Delta 191 in an
attempt to land instead of going around
as Flight aAmerican 539,

Fig 18

This shows the modellisation of the micro-
burst encountered by the two aircraft

at Dallas Fort Worth.These two last figures
are extracted from Paper (3) from WINGROVE
BACH and SCHULTZ ,NASA,wich was illustrated
by a video f£ilm explaining the accident of
Flight Delta 191.1I hope that the audience
will have the opportunity to see this film.

(c)- Crew reactions and procedure:
They are adresssed by three papers (3),(7)

and (9),only to state that the right pro-
cedure has to be found within the existing

1-3

limitations of the aircraft,in terms of low
speed ,stall, etc... which is not easy
unless the aircraft is fully protected
against them.The video film on Delta 191
accident ,used to illustrate paper (3)
eXplains that the right crew reaction is
against the instinct of the pilot to
maintain the airspeed.It suggess that the
lesson for Airline pilots is the following:

Fig 19
1: avoid downburst if you can
2: if you are caught in a downburst:
- pull up ,pitch attitude 15°
- full throttle
- forget all previous experience!

All Authors agree on the need to avoid
building up of the rate of descent,even at
the cost of a very low speed, close to
stall speed.

(d)- Specific case of CTOL/VTOL and Heli-
copters :

It is adressed in Paper (18) from SCHRAGE
PRASAD GAONKAR,USA:attention is driven
toward the scale of atmospheric events
which is usefull to consider for those vehi-
cules which can hover and at least for heli-
copters: the behaviour and performances of
their rotors can be severely disturbed by
air motion fields whic have the same wave-
length or dimensions as the rotors.

This is in particular the case of"rotating
frame turbulence "(RFT) which is often pro-
duced by relatively small obstacles on the
ground (buildings,hills,cliffs,etc...) in
the air stream close to ground surface.

This "RFT" could be as important for heli-
copters as is the microburst for aircraft.

Pig 20

This graph illustrates the magnification of
the peaks of normal acceleration due to
Rotating Frame Turbulence compared to
"Space Fixed Turbulence"

Parametr L/R is the Length L of the turbu-
lence divided by the radius of the rotor R.

2.3. Design of aircraft for better behaviour
in adverse weather

The papers presented adress mainly the beha-
viour in adverse three ~-dimension wind velo-
city situations, and means to improve safe-
ty and passenger comfort, reduce structural
loads, make easier crew reactions.

Pig 21

Paper (14) from MOBES and MOLZOV,Germany
gives a description of the gust load alle-
viation system implemented .on the transport
aircraft AIRBUS A320 implementing in its
system a number of protections, of which at
least two are specific of the windshear:
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the stall protection and the "Alpha- Floor"
A

Fig i2

The :tall protection system enable the pilot
«v pitch up the aircraft up to maximum lift,
wirt out any risk of excursions to higher
angles of attack:steady flight at this maxi-
mum angle of attack is possible,without
nzeding skillness.

The, "lLlpha-Floor"system takes care of pre~
vent.ng high rate of sink usually met at
hig! argyles of attack :the maximum available
thryi, t is automatically triggered when A.C,?
excr2ds a figure depending on the configura-
iron,and when the stick is fully deflected
aft.

Thes protections appear as one of the
major weapons of the pilots against strong
win¢e - hears,since they enable them to apply
tre right procedure without worrying about
the stall or high rate of descent which may
endurger the aircratt.

2.4 *xperimental programmes o-' studies
F.g 23

Piper (16) from BOSRET an~ WIN{ &, Germany.
pre. ents the experimenta. DGRM(ER 28 TMNT
implementing the "OLCAY svs*ea to imorove
pac eager comfort wnile .L'.. g th.ough
gus-.i.It presents a very .a re: 33 ana-
lysis of frequency resnons @ wecrafs
structure, and human body.

SESSION 3 - VISIBILITY

3.2.Subjects adressed:

‘fhe objectives of this Sesst:un were only
partially covered ,with two papers adres:ing
visibility measurements , and one worthwiie
mentioning , Paper (2C) from ARIGH1, US:

This paper points out the real need ,when
flying helicopters at ow altitudes,in
darkness or bad visibility ,of a pruper
interface between man and outside world,
which is still nut provided.It points out
that, in addition to the usual sensors
providing adequate vision of the hori-
zon in the darection of the flight
(flight vector),there is & need of a good
coverage of the field of view below the he-
licopter,not yet provided.

2.2.1a.5 of this session :

The following very common factors produ-
cing poor visibility were not covered:

~ clouds and precipitations,rain,
drizzle,fog (in weather flying)

- smoke, smog (solid particles such as
those above a battlefield,or above indus-
trial factories,sometime mixed up with
clouds )

- sand storms (often met in deserts)

Nevertheless these problems have already
been studied in AGARD , in particular it
was one of the aims of the Study Group that
I had the great honor to chair ,AASC N°19;

The title of this study was"All wea* ser
capability of combat aircraft".The “~llo-
wing comments may be extracted from <he
unclassified part of the conclusions of
this study:

{a)- confirmation is given of t!=» very
specific use of all infrared sensor systems
for dry air nights.The range reductio . in
weather is such that it cannot be ser ously
envisaged to use them for precise tasks in
weather,such as take-off and landing.

(b)- electromagnetic systems are far
more jpromissing:the key factor is the wave
~ength,compared to the dimensions of water
particles,droplets or ice crystal.It i.
feasible 1o select the right wavelength for
¢o~imum transmission ;best transmissions
are _iven by VHF frequencies ;millimetr.c
wave radar~” »rovide quasi optacal picture
defini*ion wii..2 having a range far better
th o wr vent infra-red systems,but still
Lot 1€+ -rant in spite of the progress nade
1R .. eorlocing power.

Fo- navigation only,when the image of a
target or obstacle 1s not required,widel;

sed Air Traffic Control Radar systems,ope-
~.i1ng on longar wavelength, have proven
t &ir efficiency ,from a long time ago.

New positioning systems of very high
a‘curacy,such a® the NAVSTAR Global Posi-
v1ioning System,operating from a set of
tarth Satellit:s,or local radio electrical
i.ystems having the same frequency,but opa-
£at.a- f or a set of ground stations,such as
th T Ju=N' (Thomson,France) are very
prowm  3.ng to provide new navigation aids
used 'n all flirait phases,including take-off
and lunding which require the highest accu-
racy.

For ail these electromagnetic systems
stealthiness remains a problem.

SUSSIUN 4,.ICING
Icing research and technology

In this session paper (22) from REINMANN

SHAW oand RANAUDO,USA,on NASA's programme

on Icirny Resewrch and Technology meets the
chal! nge of providing in 22 pages a very
extensive presentation of almost all subjects
related to icing.

Pig 25

(a) Physical mechanism of icing:
this mechanism involve a number of parame-
ters: airspeed,outside air temperature,alti-
tude,cloud liquid water content and concen-
tration,cloud droplet size distribution,
3ize or scale of models or aircraft expo-
sed to icing,Mach and Reynolds Numbers,etc..

Ice formed in flight over the the air-
craft skin results from supercooled water
droplets impacting the airframe surface at
the flight speed.

A number of types of ice may result
from variations of the above parameters,
mainly liquid water concentration and
droplet size distribution in clouds.
Adhesion on the skin depends on the type of
icing,and roghness of surface.Basic mecha-
nical properties of ice accreted is (1)
tensile (Young's module) (2)Shear (adhesion)
(3) peeling properties.
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{b) Protection against icing
With the decrease of available hot air
bleed of new fan engines, there is a need
to develop new deicing systems using less
bleed,or more efficiently,or newer systems
relying on other sources of energy.

Fig 26

New systems are being developped based on
electrical capacitor discharge,using exter-
nal boots on the surface to protect,such as
Electro-Expulsive Separation System, or

Eddy Current Repulsion Deicing Boot,or
installed inside the airframe, such as the
Electromagnetic Impulse Deicer.All these
systems provide very short duration impulses
but high forces, and have been foun to be
very efficient.

(c) Computation of icing accretion ;
aircraft performance degradation:
Prediction of airfoil aervdynamic perfor-
mance degradation due to icing is now made
possible with the high capacity computers
of to-day.The code of the method used at
NASA LEWIS is named "LEWICE".It uses invis-
cid flow equations,and determines the free-
zing point,bhy solving continuity and energy
equations in each control volume of the flow.
Comparisons with experience give confi-
dence in this code at least for the low
incidences ;the Authors state that viscous
fluid equations will have to be used for
better consistency with experiments at
higher angles of attack, close to CL max.

Fig 27

(d) Icing testing
The main ground testing means mentioned by
REINMANN SHAW and RANAUDO is the NASA
LEWIS Icing Research Wind Tunnel,which 1is
the largest refrigerated tunnel in the world
capable of testing big models of aircraft,
helicopters, wing profiles etc...

Flight test research is conducted at NASA
LEWIS using a modified TWIN OTTER imple-
menting modified deicing systems instead of
the basic ones.Wingé and gear struts are
used to flight tesi ice accretion and new
deicing systems
Associated measurements involve a number
of devices sucn as :
~ forward scattering spectrometer probe
- optical array probe
~ phase doppler particle analyser
(to measure the dimensions of water par-
ticles).

(e) New physical models:
Fig 28

REINMANN SHAW and RANAUDO made the propo-
sal of a new physical model for ice accre-~
tion, shown by this figure.
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SESSION 5.ELECTROMAGNETIC INTERFERENCES

This Session included three papers ,each of
them bringing complementary information to
the others.The followin i1tems are worthwile
mentioning; they are extracted from Paper
(26) from FISHER, USA

Fig 29

Surprisingly,severe lightning strikes can
be found where one would not expect them:

- Aircraft lightning strikes occur in
both thunderstorm and non thunderstorm con-
ditions.

- The thunderstorms regions with the
highest probability for an aircraft to expe-
rience a direct lightning strike were those
areas where the ambiant temperature was
< 40°Celsius, where the relative turbulence
and precipitation intensities were characte-
rized as negligible to light.

- The non -thunderstorm regions with
the highest probability for an aircraft to
experience a direct lightning strike were
those areas where the ambient temperature
was between 10°C in rain, where the rela-
tive turbulence intensity is characterized
as negligible to light.

- Most aircraft lightning strikes are
triggered by the vehicle itself.Lightning
strikesin which the aircraft intercepts
a naturally-occurring lightning flash also
occur,predominantly at lower altitudes.

- The presence and location of light-
ning do not necessarily indicate the pre-
sence or location of hazardous precipita-
tions and turbulence.

buring the discussion of this session the
Special Regulatory Conditions applied to
the A320 , giving the Electromagnetic
Interference Model , and the Lightning
model to take into account for Airworthi-
ness Certification,were presented by

the Technical Evaluation Reporter as
very severe threats.The A320 was demon-
str.ted as not effected by -these threats,
originated either by "natural"events ,
such as lightning, or from eqguipments
made by man ( powerfull ground radio
stations, radars ,etc...)




